Restriction fragment length polymorphism (RFLP) analysis was developed for genetic typing of Polish strains of bovine viral diarrhoea virus (BVDV). The method was applied using 60 BVDV isolates, which included BVDV genotype 1, subtypes a, b, d, e, f, and g, and genotype 2a. RT-PCR products of the 5'untranslated region (5'UTR) were digested using three enzymes. Restriction patterns classified the strains into seven groups, each with a specific and different pattern from other subtypes. These findings were confirmed by nucleotide sequencing and phylogenetic analysis. The results suggest that RFLP analysis is a simple, reliable, and fast genotyping method for BVDV strains in comparison with sequencing. This method can distinguish six subtypes of BVDV-1 including a new subtype 1e, identified exclusively by this method, and it allows differentiation of BVDV-1 from BVDV-2 genotype.
Introduction
Bovine viral diarrhoea virus (BVDV) was first discovered in New York in 1946 and today it still causes severe economic losses to the dairy and beef industries worldwide (11, 18) . Most primary infections are subclinical, but BVDV can lead to substantial economic losses due to reduced milk production, diarrhoea, respiratory disorders, infertility, abortions, or stillbirths (12) . The natural host of BVDV is cattle; however, the infection may also occur in sheep, goats (4), pigs, and wild and domestic ruminants, including deer, alpaca, and camelids. BVDV was first isolated in Poland from a bison in 1970 (7) . Since then, its presence in domestic cattle was confirmed on several occasions (14, 22, 23) .
The causative agent of BVD belongs to the genus Pestivirus of the family Flaviviridae. The genus comprises five recognised species: BVDV type 1 and type 2, classical swine fever virus (CSFV), border disease virus (BDV) of sheep (1, 20) and the fifth tentative species represented by an isolate from a giraffe (21) . The BVDV genome consists of a single stranded positive-sense RNA of approximately 12.3 kilobases. The genomic RNA contains one large open reading frame (ORF) flanked by 5' and 3' untranslated regions (5'UTR and 3'UTR). A single open reading frame encodes one polyprotein, which is co-and post-translationally processed into 12 viral proteins (17) . The 5'UTR as a highly conserved region of viral genome is most frequently used for genetic typing (2, 10) . Variability of BVDV on genome level has been reported by many researchers from different parts of the world. Recent studies have shown that BVDV-1 is very diverse with at least 17 subtypes, from 1a to 1q (6, 13, 16, 28) , while only three subtypes of BVDV-2 have been identified so far (2a to 2c), (25) .
Identification of viral species can be used to trace sources of infection and the spread of the virus, and it could, therefore, improve our understanding of the epidemiology of BVDV. Additionally, recognition and tracking of the variability of BVDV field strains is crucial for successful control and eradication schemes at the herd level.
The aim of this study was to develop a reliable, simple, and rapid method for genetic typing of field strains of BVDV without using expensive, sophisticated, and time-consuming sequencing technique coupled with phylogenetic analysis. The method described comprises RT-PCR and RFLP of the 5'UTR region of viral genome to differentiate BVDV species and subtypes identified so far in Poland.
Material and Methods
Samples. A total of 57 Polish field strains and three reference strains of BVDV were used in the study. Reference strains included: BVDV-2 CS8644 strain (courtesy of Dr. Horst Schirrmeier from the Friedrich-Loeffler-Institute, Germany), BVDV type 1a, strain NADL, and BVDV type 1b, strain New York (ATCC Virology Collection). The field strains included 17 isolates of BVDV-1b, 16 BVDV-1d, one BVDV-1e, 19 BVDV-1f, four BVDV-1g, and two BVDV-2a. The field strains were identified between 2007 and 2014 in serum, nasal swabs, semen, animal tissues, and laboratory cell culture samples. RNA was extracted directly from the field samples without cell culture passage.
RNA extraction. Total RNA was extracted using TRI Reagent (Sigma-Aldrich, USA), according to the manufacturer's instructions. The RNA was eluted in 20 μL DEPC water and stored at -70ºC before testing.
RT-PCR. RT-PCR was performed using a commercial kit (Transcriptor One-Step RT-PCR Kit, Roche, Germany) following the manufacturer's protocol. The complementary DNA (cDNA) was amplified using the set of primers specific for viral 5'UTR: forward primer 324F (5'-ATG CCC WTA GTA GGA CTA GCA -3') and reverse primer 326R (5'-TCA ACT CCA TGT GCC ATG TAC -3') (27) . The final volume of RT-PCR reaction mixture was 25 μL comprising: 15.5 μL of RNase-free water, 5 μL of reaction buffer (sodium salts of dNTPs -1.5 mM of each included), 1 μL of each primer (10 μM RFLP. Restriction enzymes and their cutting sites were analysed within the 5'UTR sequences of Polish field strains described previously (15) , along with several new sequences identified in recent years using the NEBcutter V2.0 web tool (29) . Three restriction enzymes, i.e. HaeIII, HgaI, and MseI, were chosen. RFLP analysis of RT-PCR products was performed by two-step digestion, first with HaeIII and HgaI, and then with MseI (Thermo Scientific, Thermo Fisher Scientific). Briefly, 10 L of a PCR product, 2 L of 10 x buffer R (with BSA 0) . The results were first analysed on 3.5% agarose gel, stained with ethidium bromide, and then, to confirm the genetic typing, the samples were electrophoresed on 10% SDS-PAGE gel in TBE buffer (for a better separation of smaller fragments), using 15V/cm of gel for 1 h. The sizes of digestion products were evaluated using molecular weight marker (Fermentas -pUC19 DNA/MspI (HpaII) within the range of 501-34 basis pairs. RFLP results were confirmed by partial sequencing of RT-PCR products of the same region.
Sequencing. The nucleotide sequencing of DNA amplicons after RT-PCR was performed in both directions using the same primers as for the RT-PCR with BigDye Terminator v3.1 Cycle Sequencing Kit and 3730XL Genetic Analyzer (Applied Biosystems). DNA amplicons were purified using a QIAquick PCR Purification kit (Qiagen), followed by the analysis in a 16-capillary sequencer ABI PRISM 3100 Genetic Analyzer (Applied Biosystems), and the results were analysed using GeneScan Analysis Software (Applied Biosystems).
Results
RFLP analysis of the 5'UTR region allowed to identify the correct genotypes of 44 samples when compared with phylogenetic analysis. Restriction fragments of the Polish strains and three reference strains are shown in Fig. 1 . RFLP patterns allowed to distinguish seven subtypes of BVDV-1, each with a specific pattern, different from other subtypes. BVDV-2 was clearly different from all BVDV-1 subtypes. For 16 samples, non-specific patterns were obtained. These results were observed when using the RNA samples after long (5 months and longer) storage at -70 o C, or when the sample quality was poor (haemolysed blood). Furthermore, RFLP of the new and unclassified isolates enabled to distinguish a new pattern, which has previously never been detected in Poland. This samples was later identified by direct sequencing and phylogenetic analysis as a subtype 1e. 
Discussion
This study shows that RFLP is a simple, reliable, and fast method for BVDV strains genotyping, which can be used as an alternative to sequencing approach. RFLP allowed the distinction of the BVDV-1 from BVDV-2 genotypes, as well as clear identification and distinction of six subtypes of BVDV-1, including a new subtype 1e, which has been identified exclusively by this method.
When using poor quality samples (i.e. haemolysed blood), serum, or RNA samples after prolonged storage (more than 5 months), a non-specific restriction pattern may be obtained, probably due to non-specific RT-PCR amplification or degradation of viral nucleic acid. BVDV has many genetic similarities with human hepatitis C virus (HCV), also the member of the Flaviviridae family (3), and many authors analysed the influence of sample storage conditions on RNA stability and the ability to detect viral nucleic acid. They showed that the HCV RNA is stable after storage at -70ºC/-80ºC from 6 to 15 months (5, 8) . With respect to BVDV, based on this study, RNA samples kept at -70ºC for more than 5 months gave non-specific restriction patterns. Therefore, it is advised to use freshly extracted viral RNA when typing by RFLP. Such long storage also influenced RFLP results of poor quality serum samples, probably due to the presence of non-specific RT-PCR products.
It has already been shown that RT-PCR coupled with RFLP can be used for genetic grouping of Pestiviruses. It was possible to differentiate BVDV from CSFV isolated from pigs (26) , to type CSFV from different genome regions (19) , and to differentiate BVDV-1 from BVDV-2 (9). RFLP results described so far very rarely allowed for a clear-cut distinction of different subtypes of BVDV-1 based on a single gel run. Japanese researchers reported the application of this method for genotyping Japanese strains of BVDV within E2 coding region (24), but they obtained 11 patterns when typing eight genotypes using six different restriction enzymes. Such outcomes required further analysis, thus yielding the final conclusion rather complicated, time-consuming, and ambiguous. In our study only three enzymes were used with amplicons obtained from diagnostic RT-PCR, using 5'UTR region, and after a single run of RFLP products on the gel it was possible to clearly allocate the Polish strains to six different subtypes within BVDV-1 species and to differentiate BVDV-1 from BVDV-2a. Such an efficient typing approach can be very useful when planning vaccination strategy in infected herds with respect to vaccine efficacy, especially when BVDV-2 is involved and when time is short.
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